Introduction
============

Word recognition score (WRS) is one of the most frequently used measures for speech audiometry. Generally, several monosyllabic word lists (MWL) with a similar level of difficulty are used to get the WRS. Korean MWLs for adults (MWL-A) were recently developed \[[@B1]\] and selected as a Korean standard (KS) for speech audiometry \[[@B2]\]. The KS-MWL-A is widely used in many hearing clinics, hearing aid centers, and auditory rehabilitation centers in Korea. In the clinical settings, WRS gives valuable information to see how much improvement occurred for each individual at the end of treatment, hearing aid fitting, aural rehabilitation, etc. \[[@B3][@B4][@B5]\]. We would not be sure whether the improvement is significant or not, however, if test-retest reliability is not established, which refers to the repeatability of a measure \[[@B3][@B4][@B5][@B6][@B7][@B8][@B9][@B10][@B11][@B12]\]. It is well known that parameters affecting WRS include a number of test words, stimulus presentation level and mode, difficulty level of word lists, etc. Although few studies \[[@B1][@B3][@B12][@B13]\] examined test-retest reliability of Korean WRS for adults, their data were not enough to clearly interpret retest results of the KS-MWL-A with respect to aforementioned parameters, because of differences between old and newly developed word lists, small number of subjects, skewed distribution of WRSs, or homogeneity problem in age.

Indices to show test-retest results include correlation, confidence interval (CI), and prediction interval (PI) in this study. The CI can be described as an estimate of the interval in which the sample mean represents the population mean and the PI as an estimate of the interval in which the retest results will fall with a certain probability, given the results at the previous test \[[@B3][@B8][@B9]\]. The PI is useful for making inferences whether the degree of change in WRS at the retest is significant or not for each individual. Therefore, this study tried to investigate the test-retest reliability of the KS-WRS-A according to the recommendations of both international and Korean standards for speech audiometry \[[@B2][@B14]\]. More specifically, first, correlations between test and retest results were analyzed as a function of the number of test words. Second, CIs were calculated with respect to the whole range of WRS for interpreting group data and finally, PIs were obtained at each score of WRS for clinically interpreting individual retest results.

Subjects and Methods
====================

Subjects
--------

One hundred fifty-nine adults all over the country participated in this study, aged from 18 to 25 years with normal hearing. All subjects were native Korean speakers and had pure tone hearing thresholds equal to or less than 20 dB HL for octave frequencies from 250 to 8000 Hz. Each participant also had A-ype tympanogram and no medical history related with ear. They agreed on and signed in the informed consent form at the beginning of experiment.

Stimulus materials
------------------

Four lists of KS-MWL-A were used for measuring WRS which consisted of 200 monosyllabic words ([Table 1](#T1){ref-type="table"}). Each list has 50 words recorded by a native Korean speaker who was a professional announcer. The monosyllabic words were selected based on word familiarity, phonetical dissimilarity, normal sampling of Korean speech sounds, and homogeneity with respect to intelligibility \[[@B1]\]. Thirty-six bisyllabic words updated by Cho, et al. \[[@B15]\] recorded by a native Korean speaker were used for testing speech recognition threshold (SRT). The recorded speech stimuli were calibrated in reference to a 1000 Hz tone recorded on the compact disc, and the speech stimuli were presented within ±2 dB with respect to the volume unit meter of the audiometer.

Procedure
---------

The GSI 61 audiometer, TDH 50 headphones, and GSI 38 middle ear analyzer were used for this study. Pure tone thresholds were measured from 250 to 8000 Hz in 5 dB steps. According to the pure tone threshold averages (0.5 k, 1 k, 2 k) for each subject, the better ear was selected for measuring SRT and WRS. The SRT was defined as the level necessary for 50% correct responses. Considering the international standard for speech audiometry \[[@B14]\] describing \"the test-retest reliability shall be specified for the speech recognition scores 50%, 60%, 70%, 80%, and 90%\", WRS was obtained using one of four lists of KS-MWL-A which were randomly presented to each listener beginning at the SRT level. For the above 5 scores, WRS bands consisted of 45-55%, 56-65%, 66-75%, 76-85%, and 86-100% respectively. If WRS at SRT level was equal to or less than 55%, the presentation level ascended from 2 dB above the SRT to the level up to the correct response of 86% or greater in 2 dB steps. If WRS at SRT level was greater than 55%, the presentation level descended to the level below the SRT level in 2 dB steps until the correct response was equal to or less than 55% and then ascended from 2 dB above the SRT level to the level up to 86% or greater in 2 dB steps. Subjects were instructed to repeat each word or to guess if they were unsure. The scoring procedure was to count each of the 50 words as either correctly or incorrectly repeated at each presentation level for each subject. From these data, the percentage of correct responses was computed at each test level as a psychometric function for each subject. After one or two weeks, WRS was retested under the same condition as the first test.

Data analysis
-------------

After the raw data were collected, test and retest WRS scores for all subjects were analyzed by Pearson correlation analysis and 95% CIs for 50 words, and first 25 words and first 10 words of each list, respectively, using the statistical package for social sciences (SPSS, version 18, SPSS Inc., Chicago, IL, USA). We also performed one-way analysis of variance and post hoc tests to compare the results of each number of test words.

The CI was obtained from the standard error of mean (SE) which was calculated by dividing the standard deviation (SD) of differences in WRS between test and retest by the root of subject number. The 95% CI was computed by ±2 SE for the whole range of WRS as a function of the number of test items. The PI was determined based on the standard error of measurement (SEM) for each band of WRS which included 45-55%, 56-65%, 66-75%, 76-85%, and 86-100%. To get SEM, SD of differences in WRS between test and retest was divided by √2 suggested at previous researches \[[@B5][@B6][@B9]\]. The 95% PI was computed by ±2 SEM for each band of WRS as well as the whole range of WRS and then upper and lower limits of the 95% PI was obtained for each score of WRS as a function of the number of test items.

Results
=======

Test-retest reliability for the whole range of WRS
--------------------------------------------------

The data of test-retest results of the whole range of WRS with respect to 50 test words, the first 25 words and the first 10 words in each list were displayed for all subjects as a scattergram ([Fig. 1](#F1){ref-type="fig"}). The range of presentation levels of test words were between 0 and 30 dB HL for all test conditions. Their means, SDs, correlations, SEs, SEMs, 95% CIs and 95% PIs were demonstrated in [Table 2](#T2){ref-type="table"} for each number of test words. For 50 test words, Pearson coefficient of the correlation was 0.88 which is statistically significant at 0.01 level. The mean of WRSs at test was 64.57% with the SD of 23.61 and the mean at retest was 66.60% with the SD of 22.78 showing the mean of differences in WRS between the two tests (Md) as -2.03 with the SD of the differences (SDd) of 11.20. The 95% CI was ±0.92 and the 95% of PI was ±15.84. The one-way ANOVA revealed that there was a significant difference (*p*=0.000) among the results of each number of the test words. Post hoc tests demonstrated that there was a significant difference (*p*=0.000) between 10 and 25 words and also between 10 and 50 words; however, the difference was not significant (*p*\>0.05) between 25 and 50 words.

For the first 25 words in each list, Pearson correlation coefficient was 0.76 statistically significant at the level of 0.01. The mean at the first WRS testing was 72.19 with the SD of 17.85 and the mean at retest was 74.05 with the SD of 17.61 showing the Md as -1.86 with the SDd of 12.35. Their 95% CI was ±1.38 and the 95% of PI was ±17.46.

For the first 10 words in each list, correlation coefficient was 0.61 which is also statistically significant at the level of 0.01. The mean at test was 71.98 with the SD of 20.50 and the mean at retest was 73.43 with the SD of 21.27 showing the Md as -1.45 with the SDd of 18.54. The results also demonstrated the 95% CI of ±2.18 and the 95% PI of ±26.22.

Test-retest reliability for each score of WRS
---------------------------------------------

Means and SDs of differences in WRS between test and retest, SEMs, and 95% PIs for the differences were described with respect to each band of WRS at test when using all 50 words at each list in [Table 3](#T3){ref-type="table"}. For the WRS band of 46-55%, the data showed the difference mean -4.32 with the SD 12.57, and the SEM 8.89 with the 95% PI ±17.78. As the WRS band increased up to the band of 86-100%, the SD decreased from 12.57 to 7.39. The data for the first 25 and 10 test words also showed similar trends to those for 50 test words as seen in [Table 3](#T3){ref-type="table"}. Based on these data, upper and lower limits of the 95% PI were calculated for each score of WRS from 0 to 100% as a function of the number of test items to be easily utilized in the clinics ([Table 4](#T4){ref-type="table"}). Values within the PI are not significantly different from the value shown in the WRS column (*p*\>0.05)

Discussion
==========

In this study, we tried to establish the test-retest reliability of KS-MWL-A regarding each score of WRS as well as the whole range of WRS as a function of the number of test words. Results of the whole range of WRS indicated that the test-retest reliability was high based on the high correlations and narrow CIs for 25 and 50 test words. As expected, the retest reliability of WRS for 10 test words was low, compared to the 25 and 50 test words. Previous studies \[[@B3][@B12]\] also reported that correlation became higher and SD was getting smaller and the CI was getting narrower as the number of test words increased in WRS testing. Both this study and aforementioned researches would recommend 25 or more test words for obtaining a reliable WRS.

As the presentation level increased from 0 to 30 dB HL, means of WRSs increased both at test and retest; however, the variation of differences between WRSs at test and retest became smaller, probably because of the ceiling effect toward the extreme band of 86-100%. These results are also consistent with the previous studies \[[@B3][@B4][@B6][@B11]\]. Correlation coefficients of this study are higher and CIs are narrower than You and Lee \[[@B3]\] results for all test conditions, however. This is considered mainly due to the large group of subjects and their homogeneity in age in this study. As seen in [Table 2](#T2){ref-type="table"}, 95% PIs for the whole range of WRS are wider than 95% CI, which suggests that individual variance is greater than group variance. These results are also in consistent with the previous studies. In both large group and small group studies, PIs were reduced as the number of test words increased, which suggests that further analysis of PI for each score of WRS be needed for clinical utilization.

The whole range of WRS can be divided by 9 bands which consist of 0-14%, 15-24%, 25-34%, 35-44%, 45-55%, 56-65%, 66-75%, 76-85%, and 86-100%, so that the band of 45-55% is positioned at the center band. In this study, as expected, the SD of differences between WRSs at test and retest was largest at the center band and gradually decreased as the band level went up to the highest level for all three conditions of the number of test items. It can be theoretically inferred regarding the normal distribution that if data were obtained at WRS bands lower than the center band, SDs at lower bands would be also smaller than that at the center as SDs at upper bands were. That is, the variances of upper bands of 86-100%, 76-85%, 66-75%, and 56-65% would be equal or at least similar to the lower bands of 0-15%, 16-25%, 26-35%, and 36-45%, respectively. Thus, it can also be inferred that as WRS band increases, 95% PI of each band also decreases as SD does, because PI is calculated by the SEM which is directly affected by SD.

In this study, the intra-subject variability in WRS is described by the ±2 SEM for 95% PI in [Table 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"} as recommended by previous researches \[[@B3][@B8][@B9]\]. The SEM is different from the SE which refers to the SD of sample means as explained earlier. The SEM is directly related to the reliability of a test with respect to an individual performance, that is, the wider the PI, the lower the reliability of the test. Thus it can also be asserted that the more the number of test words, the higher the reliability of the test. However, testing time is also an important factor regarding clinical efficiency. That is why it is valuable to generate the table showing the upper and lower limits of 95% PI as a function of the number of test items, which can be easily used at clinical settings when interpreting individual retest results. If a difference between test and retest WRS score is greater than double of the SEM, then it means a statistically significant variation with respect to the 95% PI. The upper and lower limits of the 95% PIs for each score of WRS in this study show similar trends to those of 95% critical differences about English WRS for adults reported by Thornton and Raffin \[[@B6]\], although they calculated the 95% critical differences based on the binomial confidence intervals.

As aforementioned, PIs are affected by the number of test words as well as the WRS band level as seen in [Table 3](#T3){ref-type="table"}. For example, if WRS measured by using 25 test words was 60% before auditory training, the upper limit of the PI of this condition would be 76% as seen in [Table 4](#T4){ref-type="table"}. Thus, WRS of 80% or greater be interpreted as a significant improvement after training. If the 50 test words were used, then the upper limit of the PI would be 76%. Thus, 78% or greater at retest would be accepted as a significant improvement. For the 10 test words, however, the upper limit of the PI would be 80%, thus only 90% or 100% at retest would be accepted as a significant improvement. In the other example, if WRS for 50 test words was 30% without fitting hearing aids, the upper limit of the PI of this condition would be 44% as seen in [Table 4](#T4){ref-type="table"}. Thus, the WRS of 46% or greater be interpreted as a significant improvement after fitting the hearing aids. If the 10 test words were used, then the upper limit of the PI would be 50%. Thus, 60% or greater at retest would be accepted as a considerable improvement. In sum, it would be important to apply the PI values as a function of the number of the test words in [Table 4](#T4){ref-type="table"} for interpreting individual retest results.

Conclusion
==========

This study aimed to investigate the test-retest reliability of WRS testing as a function of the number of test words. Twenty-five or greater test words are recommended for reliable WRS measurement for adults, based on higher correlations, narrower CIs and PIs compared to those of 10 test words. When interpreting retest results, 95% CI for the whole range of WRS for each number of test words would be useful for group data. For individual data, however, 95% PI at each score of WRS for each number of test words would be more useful. If WRS testing with 10 test words is necessary for some individuals for some reasons, then 95% PI for 10 test words should be applied for interpreting retest results of that individual.
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###### Korean standard monosyllabic word lists for adults and international phonetic alphabets
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###### Means, standard deviations, post hoc test results, correlations, SE, SEM, 95% CI, and 95% PI of WRS tested by KS-MWL-A as a function of the number of test words
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M1: mean of WRSs at test, M2: mean of WRSs at retest, Md: mean of differences between WRSs at test and retest, SD1: standard deviation of WRSs at test, SD2: standard deviation of WRSs at retest, SDd: standard deviation of differences between WRSs at test and retest, SE: standard errors of mean, SEM: standard errors of measurement, CI: confidence intervals, PI: prediction intervals, WRS: word recognition score, KS-MWL-A: Korean standard monosyllabic word lists for adults

###### Means, standard deviations, SEM and 95% PI for each band of WRS tested by KS-MWL-A as a function of the number of test words
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Md: mean of differences between WRSs at test and retest, SDd: standard deviation of the differences between WRSs at test and retest, SEM: standard error of measurement, PI: prediction intervals, WRS: word recognition score, KS-MWL-A: Korean standard monosyllabic word lists for adults

###### Upper and lower limits of the 95% PI for each WRS tested by KS-MWL-A as a function of the number of test words
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PI: prediction intervals, WRS: word recognition score, KS-MWL-A: Korean standard monosyllabic word lists for adults
